Introduction
Chromosome interchanges are frequent in plants, occurring both spon taneously as well as under the influence of external agencies. Although the exact mechanism of interchanges remains unknown, their study has been a great aid to plant breeders (Anderson 1935) and has thrown light on many fundamental problems of cytogenetics (Burnham 1956 ) and evolution of sex chromosomes (Khanna 1964 (Khanna , 1968 . Presently we are concerned with the forces of attraction which have been postulated to exist between the homologous chromatids at the time of chiasma terminalization.
A translocation hetero zygote, depending upon whether or not the chiasmata originating proximally in the homologous segments move over the non-homologous ones, is particu larly suited for testing the validity of this argument. A number of studies (see Darlington 1965) have failed to show the movements of chiasmata over the non-homologous segments while several authors have observed configu rations in translocation heterozygotes which have been interpreted on the basis of chiasma movement over the non-homologous parts (Marquardt 1948 , Hagberg 1954 and Price 1959 . The controversy raises an issue in chromosome mechanics, i.e., is the attraction between the homologous chromatids stronger than the repulsion between the homologous chromosomes at the time of chiasma terminalization?
This question has been taken up in light of obser vations on an interchange heterozygote in Lycopersicon esculentum, the arguments of some of the earlier authors have been re-examined and the possibility of movement of chiasmata over the non-homologous segments has been discussed.
Material and methods
The interchange heterozygote was observed in tomato variety Pusa Ruby. The plant carrying the interchange was a cross between normal and an irradiated individual. The latter was raised from seeds irradiated at 5000 r with gamma rays, after twenty hours in soaked condition.
It was distinct from other plants because of its brittle foliage, chlorophyll chimaeras and small flowers with thin petals which, however, turned normal later on. Pollen grains were ninety eight to hundred per cent abortive and no fruits were produced on selfing.
Crosses with the control resulted in several seeds from which the material of the present study was derived.
Morphologically these
Figs. 1-6. Translocation quadrivalent at: 1, diakinesis. 2, MI. 3 and 4, the translocation bivalents showing the arrest of chias mata (arrow marked) at the distal ends. 5 and 6, the division of the fragments at Al. These fragments are due to the non termi nalization of chiasmata. Fig. 2) with the forces of orientation beginning from one end. The disjunction of the quadrivalents is always regular . In the absence of the quadrivalent the behaviour of the bivalents with translocated segments became apparent only after the completion of MI. These bivalents could be dis tinguished by the non terminalization of chiasmata at the distal ends (Figs. 3 and 4). Apparently, breakage always occurred at these points. The observed frequency of laggards at AI and that of the fragments at late AI and TI are given in Table 2 . They show good agreement with each other. Table 2 . The occurrence of laggards and fragments at the end of first meiotic division
With the completion of Al, the bivalent fragments moved independently towards the poles sometimes both of them going to the same pole (Fig. 6 ). Occasionally they disjoined irregularly at AI (Fig. 5 ) and were also observed as laggards at AII.
The pollen fertility counts in the translocation hybrid were taken on 23rd of January, 28th of February and 15th of March 1967. The fertility counts were recorded as 50, 54 and 54 per cent respectively. The pollen fertility in the control, on the other hand, was ninety eight per cent during this period. While about thirty-three per cent fertility in the translocation hybrid is explainable on the basis of regularly disjoining quadrivalents, the rest seventeen to twenty-one per cent fertility must be due to the regular inclusion of the complete bivalent fragment in some of the cells.
Discussion
The present observation support the lack of movement of chiasmata over the non-homologous segments. The quadrivalents showed complete termi nalization of chiasmata without any difficulty because the chiasmata were formed in the distal segments that were homologous.
In no case a quadri valent was observed to show an irregular disjunction.
In the cells lacking quadrivalents, i.e., where only bivalents were formed, two bivalents were observed with arrested chiasmata till late MI. Apparently breakage occurred at these points so that two double fragments (rarely two lagging bivalents) Cytologia 35, 1970 5 were the end result. However, this statement can be tested statistically. If this statement were correct then the cells with quadrivalents would be devoid of any fragment or laggards at the completion of the first division of meiosis while the cells with bivalents only would show them.
The number of cells with and without fragments and laggards were counted in stages later than MI (Table 2 ) and X2 test (Table 3) shows satisfactory agreement (P=0.3-0.2) between the observations and the expected results. In tomato, the chiasmata have been postulated to be of a localized type (Barton 1951) . In the present study we find that in the quadrivalent when the pairing is between short distal segments the chiasmata originate there. On the other hand, when the same chromosomes pair as bivalents because of the longer homologous segment, the chiasmata originate proximally to the point of translocation and their terminalization gets arrested as it reaches the non-homologous segment. Even though this change in the position of origin of chiasmata seems to have been brought about by translocation, the chiasmata in tomato should be called of a "semi-localized" type.
The present findings, though in accord with Darlington (1929 Darlington ( , 1937 , Sansome (1932) , Dark (1936) and Darlington and Gairdner (1937) as regards the lack of chiasmata movement over the non-homologous segments , are different from the conclusions of Marquardt (1948) , Hagberg (1954) and Price (1959) . The studies of Marquardt (1948) on Oenothera and Price (loc. cit) on Secale are somewhat alike because of the similarity of configurations of the translocated chromosomes observed by them. Besides the configurations which can be explained by the terminalization of chiasmata, these authors have observed configurations like the shape of a pan, a figure of eight and some derivatives from these types. These configurations, the above authors believe, can only be explained by the movement of chiasmata over the non-homologous segments. This may not necessarily be the case. Such configurations could have arisen, if the translocation involved chromatids instead of chromosomes. This is represented below in Fig. 7 . Chromatid translocations occur frequently in plants though they are not as common as the chromosome translocation. Some notable chromatid translocations in plants are: Paris (Haga 1953) and Tradescantia (Catcheside, Lea and Thoday 1946) .
Moreover, Marquardt makes the presumption that the translocation segments are short and distal and therefore the multiple chiasmata met with distally must have originated interstitially and moved over the non-homologous parts Hagberg, it can be clearly seen that in the former the knobs are interstitial (Hagberg's Fig. 4 ) while in the latter they are terminal . In the first situation the chiasmata may be formed in segments distal to the knobs and the problem of their getting stuck at the non-homologous points may never arise. It is worth noting that no laggards have been reported in translocation hybrids of this type. In the second type, it appears from the photographs, at least, that the chiasmata have not terminalized completely and it is in this type that the laggards have been observed. The observation of laggards is a proof of non-terminalization of chiasmata, a fact remaining unexplained on the basis of the hypothesis suggested by Hagberg. The reasons for the arrest of the chiasmata at the non-homologous points is the strong attraction between the homologous chromatids.
This force of attractions seems to be so strong that even when present in relatively small segments, it may be equal to or greater than the entire force of repulsion existing between the two homologous chromosomes as well as between the two centromeres. This situation is represented in Fig. 8 . Normally such a force may not be perceptible because during chiasma terminalization a chro matid changes from one homologous partner to another which would also be attracting it with the same force.
5*
To sum up, although some configurations have been explained on the basis of the movement of the chiasmata over the non-homologous segments, the evidence is far from conclusive. Unless some definite evidence is brought forth, the established hypothesis of attraction between homologous chromatids at the time of chiasma termi nalization and the arrest of chiasma movement at non-ho mologous points should stand.
Translocations in tomato have previously been observed by Brown (1949 ), Gottschalk (1951a and Barton (1951 and 1954) . Brown has not discussed translocations after MI.
Got tschalk studied only the pachy tene material which was not studied in the present case. Barton (1951) observed the translocation configuration to be of a shape of a ring quadrivalent in sixty three percent cases, a chain of three and a univalent in four percent cases and as pairs of two bivalents in thirty-three percent cases. The frequency of these configurations is almost the reverse of what has been observed in the present material. But in Barton's material the translocations have occurred in close proximity of the centromere involving much longer chromosome arms than is the case in the present material. The difference in the frequency of the two types of configurations in the two material is understandable on the basis of preferential pairing: the longer the translocated segments, the more frequent the quadrivalent formation.
In such types of translocations when the inter change is close to the centromere the chiasmata are formed in the homologous segment and the question of their movement over the non-homologous parts or that of fragmentation does not arise. The formation of quadrivalents in Barton's material suggests that the chiasmata are not strictly localized, a conclusion also reached earlier in the present study. The translocations observed by Barton (1954) are of a deficiency type. He observed these translocations between chromosomes one and eight, and two and three. In former it was interstitial and in the latter it was terminal.
In our material no configurations like heteromorphic bivalents which may be suggestive of a deficiency translocation were observed.
The fragments, in the present investigation represent the distal chromo some ends and are, therefore, primarily euchromatic.
In this respect they are similar to the fragments observed by Barton (1954) which have also originated as a result of translocation and represent the distal euchromatic ends. How ever, the behaviour of these fragments in two cases is quite different. In the present case the fragments persisted from the time of their origin till as late as telophase II and although they tend to become diffused during the later stages of meiosis, no diminution in size occurred. In Barton's material , the fragments under went extreme reduction in size, almost to the point of micro scopic resolution.
This difference in the two materials remains unexplained . Previously known cases of this nature have been reviewed and it has been suggested that the reported exceptions to this general rule may be explained on the basis of chromatid instead of chromosome trans locations.
